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LONG-TERM  GOALS 

Assess  the  impact  of  seafloor  variability  on  the  uncertainty  in  predictions  of  the  acoustic  character  of 
the  seabed. 

OBJECTIVES 

(1)  Use  computer-  and,  where  appropriate,  laboratory-generated  strata  to  forward  model  sea-bed 
acoustic  properties  (e.g.,  elastic  moduli,  velocity  and  attenuation)  in  a  variety  of  littoral  settings, 
and  provide  statistical  measures  of  these  modeled  properties  for  use  in  simulating  acoustic 
propagation  and  reverberation. 

(2)  Generate  synthetic  seismic  data  of  the  computer-  and  laboratory-generated  strata  for  use  in  testing 
high-resolution  geoacoustic  inversion  methods. 

APPROACH 

Shallow-water  acoustic  propagation  is  often  strongly  affected  by  interaction  with  the  seafloor.  The 
degree  to  which  the  propagation  is  modified  by  the  seabed’s  acoustic  properties  is  not  well  understood 
because  the  natural  variability  of  these  properties  is  difficult  to  thoroughly  document.  Process-based 
computer  and  laboratory  models  of  shallow  water  strata  offer  two  novel  avenues  for  helping  address 
this  problem.  The  first  is  that  these  models  provide  predictions  of  the  statistical  distributions  of  the 
acoustic  properties  in  different  shallow-water  settings.  Secondly,  these  models  can  be  used  as  "virtual" 
seabeds  for  constraining  the  impact  of  different  but  completely  known  mixtures  of  the  properties  on 
acoustic  propagation  and  reverberation. 

In  this  study,  computer-generated  and  in  certain  circumstances  laboratory-generated  strata  are  being 
used  to  simulate  acoustic  properties  and  their  impact  on  seismic/sonar  data.  The  computer-generated 
strata  are  being  modeled  with  SEDFLUX  (Syvitski  et  ah,  1999).  The  laboratory-generated  strata  are 
that  fonned  in  the  Experimental  Earthscape  (XES)  Basin  at  the  St.  Anthony  Falls  Laboratory  of  the 
University  of  Minnesota.  SEDFLUX  uses  first  principles  of  sediment  transport  to  predict  stratigraphic 
distributions  of  grain  size.  The  model  then  uses  empirical  relationships  to  compute  corresponding 
values  for  porosity,  bulk  density  and  permeability. 
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We  have  developed  a  complementary  set  of  models  that  use  the  SEDFLUX  outputs  to  predict  velocity 
and  attenuation,  and  to  simulate  synthetic  seismic  data  of  the  SEDFLUX  strata.  The  SEDFLUX 
predictions  of  porosity,  bulk  density  and  grain  size  are  used  to  compute  elastic  moduli  via  the 
empirical  formulations  of  Kuster  and  Toksov  (1974),  Berryman  (1980a, b),  Gassman  (1951),  and  Xu 
and  White  (1995).  These  elastic  moduli,  along  with  the  bulk  density  and  permeability,  are  then  used  in 
the  Biot  (1962a,b)  model  to  compute  frequency-dependent  velocities  and  attenuations.  In  turn,  these 
properties  are  input  to  convolution  and  finite  element  models  of  seismic  wave  propagation  that  we 
have  developed  for  simulating  synethic  seismograms  (e.g.,  Pratson  et  al.,  2001). 

WORK  COMPLETED 

•  Geoacoustic  properties  were  modeled  for  SEDFLUX  simulations  of  the  New  Jersey  continental 
shelf  produced  by  I.  Overeem  (INSTAAR). 

•  A  two-dimensional  finite-difference  model  of  the  wave  equation  was  completed  for  simulating  2D 
synthetic  seismograms  that  include  the  Biot  (1962a,b)  effects  of  frequency-dependent  attenuation. 

•  Work  with  J.  Syvitski  and  E.Hutton  at  INSTAAR  continued  on  integrating  the  Duke  physical 
property  and  synthetic  seismic  modeling  codes  with  SEDFLUX. 

•  Working  with  C.  Jenkins  (INSTAAR),  available  physical  property  measurements  have  been 
compiled  for  the  mid-eastern  US  shelf  encompassing  the  GEOCLUTTER  and  PRIMER  study 
areas  (Figure  1). 

RESULTS 

The  geoacoustic  properties  modeled  for  sands  in  the  New  Jersey  Shelf  SEDFLUX  simulations  were 
found  to  be  unrealistic.  The  high  predicted  porosity  of  the  sands  caused  a  breakdown  in  the  Kuster- 
Toksov  /Differential  Effective  Medium  method  (Xu  and  White,  1995)  for  computing  corresponding 
elastic  moduli.  This  method  is  being  re-evaluated  and  new  methods  for  computing  elastic  moduli,  as 
well  as  for  computing  velocities  and  attenuations,  are  being  assessed.  The  latter  include  the  approach 
of  Buckingham  (1997,  1998,  2000)  for  simulating  velocities  and  attenuations  from  little  more  than 
grain  size  distributions. 

The  existing  physical  property  measurements  of  the  mid-eastern  US  shelf  area  (Figure  1)  are  now 
being  gridded  and  converted  into  acoustic  properties  (principally  bulk  density,  velocity  and 
attenuation).  These  data  will  be  provided  to  other  DRI  teams  to  give  them  a  first-order  estimate  of  the 
impact  of  the  seabed  on  sound  propagation  in  the  PRIMER  study  area  and  the  regional  boundary 
conditions  for  the  seabed  acoustic  properties  within  the  GEOCLUTTER  study  area. 

IMPACT/APPLICATIONS 

Once  the  problems  in  modeling  elastic  moduli  for  high  porosity  sands  are  overcome,  the  acoustic 
properties  simulated  from  the  SEDFLUX  strata  will  be  compared  against  those  that  have  been 
measured  and  inverted  for  from  acoustic  measurements  in  the  New  Jersey  shelf  GEOCLUTTER  area. 
If  the  comparison  proves  successful,  i.e.  the  SEDFLUX  simulated  properties  approximate  the 
measured  properties,  it  will  demonstrate  the  viability  of  using  such  process-based  stratagraphic 
simulations  to  predict  the  geoacoustic  character  of  the  seabed  over  large,  potentially  inaccessible  areas 
with  little  a  priori  knowledge  of  the  region.  The  predictions  can  then  also  be  used  to  guide  interpolation 
and/or  extrapolation  of  existing  seabed  data  in  the  region. 


2 


RELATED  PROJECTS 


ONR  EuroSTRATAFORM:  Synthetic  seismic  modeling  of  flood-derived  and  stonn-reworked  strata 
offshore  of  river  mouths  as  simulated  in  computer  and  experimental  stratigraphic  models. 
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Figure  1.  Distribution  of  core-derived  grain  size  measurements,  mid-east  U.S.  continental  shelf  and 
upper  slope.  [Warm  colors  are  coarse-grained  sediments  (e.g.,  sands),  cool  colors  are  fine-grained 
sediments  (e.g.,  clays).  Image  generated  by  C.  Jenkins,  INSTAAR.J 
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